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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a lightweight 
copper-impregnated graphite material having a 
homogeneous macrotexture, increased denseness, and 
improved handleability by impregnating an isotropic 
graphite material with a specific copper alloy on its 
open pores. 

SOLUTION: An isotropic graphite of high dense texture 
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porosimetry and an alloy of copper with 1-7wt.% of at 
least one selected from the elements having 2-50kJ/mole 
of standard enthalpy of formation according to the 
reaction with graphite and copper are charged in the 
vessel, heated over the melting point of the copper 
alloy, pressurized under several Mpa-150Mpa for 1-60 
minutes to impregnate the pores in the graphite material 
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(54) COPPER-IMPREGNATED GRAPHITE MATERIAL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a lightweight copper-impregnated graphite material 
having a homogeneous macrotexture, increased denseness, and improved handleability by 
impregnating an isotropic graphite material with a specific copper alloy on its open pores. 
SOLUTION: An isotropic graphite of high dense texture with a bulk density of >1.76Mg/m3, an 
average pore diameter of 5-18vol.% and an average pore radius of 0.1-2.5^m, measured 
according to the mercury porosimetry and an alloy of copper with 1-7wt.% of at least one 
selected from the elements having <-50kJ/mole of standard enthalpy of fomriation according to 
the reaction with graphite and copper are charged in the vessel, heated over the melting point 
of the copper alloy, pressurized under several Mpa-150Mpa for 1-60 minutes to impregnate 
the pores in the graphite material with the copper alloy over 70vor/o of the pore volume 
whereby the objective copper-impregnated graphite material of <3.0Mg/m2 bulk density is 
obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the copper sinking-in graphite 
material which was suitable as a structural member **(ed) by elevated temperatures, such as a plasma 
opposite member of a plasma nuclear fusion reactor, and a member for aeronautics-and-astronautics 
machines. 
[0002] 

[Description of the Prior Art] Although that a graphite is lightweight (true-density about 2.16 Mg/m3) 
compared with a metal, and a mechanical strength increases rather, so that dissolution and 
decomposition are not caused but it moreover becomes an elevated temperature also at the temperature 
exceeding 3000 degrees C etc. demonstrates the property which was excellent as high temperature 
materials, in order to improve the property of this graphite further, sinking copper or other metals into a 
graphite is performed. Sinking in to a copper graphite material is especially widely carried out 
industrially for the purpose of electrical conductivity, thermally conductive improvement, improvement 
in ****** kinesis, an improvement of a mechanical property, reduction of gas transparency, etc. 
[0003] However, generally, when wetting was bad and sank in into pore to a graphite, it did not stick to 
a cell wall enough, but sinking-in unevenness arose microscopically, and the copper melt had the trouble 
that the result above-mentioned property improvement could not fully attain. 

[0004] As one policy which abolishes sinking-in unevenness, JP,51-24525,A is taught using the copper 

alloy which added Ti, Zr, or Si as a wetting agent for sinking in to baked-carbon material. 

[0005] Moreover, although relevance is thinner than this, manufacture of the metal sinking-in carbon 

slider material which sinks in antimony and antimony copper after sinking in, pyrolyzing this metal salt 

beforehand using the salt of the metal of the kind made into the wettability improvement agent of a 

sinking-in metal and making a metal adhere to a cell wall is taught to JP,61-136644,A. 

[0006] 

[Problem(s) to be Solved by the Invention] However, in order that the copper sinking-in carbon material 
concretely indicated by above-mentioned JP,51-24525,A may give ****** kinesis to the so-called low 
baking block material of the bulk specific gravity calcinated at about 1200-1500 degrees C, 
comparatively a lot of copper (about 1083 degrees C of melting points) will be sunk in, and the feature 
as lightweight high temperature materials of a carbon material will be spoiled. And although Sn, Sb, etc. 
are added in order to reduce sinking-in temperature, and to raise ****** kinesis, it may be subtracted 
rather at improvement of properties other than these end **** kinesis. Moreover, having un-arranged 
[ of making difficult separation with the sinking-in metal material after sinking in, and carbon material ], 
since compatibility of Ti with carbon was too high relatively. 

[0007] For this invention persons to solve the trouble of the above-mentioned conventional technology 
and be precise and lightweight, and obtain the copper sinking-in graphite material which was moreover 
excellent in handling nature The result of wholeheartedly examination. When the isotropic graphite 
which demonstrates the property which had the homogeneous macrostructure, was precise, divided as 
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high temperature materials, and was excellent is used, and each compatibility with copper and a graphite 
carries out selection use of the high element group of a certain kind as a copper additive Could sink in 
copper uniformly and maintaining the feature as lightweight high temperature materials, it finds out that 
the copper sinking-in graphite material excellent also in handling nature is obtained, and came to 
complete this invention. 
[0008] 

[Means for Solving the Problem] Bulk density is three or more 1.76 Mg/m, and this invention namely, 
more than 70 volume % of the open pore of isotropic graphite material with the rate of an open pore and 
average pore radius precise on the organization target which is 5 or 18 volume % and 0.1, or 2.5 
micrometers, respectively which were measured by method of mercury penetration Sinking-in 
processing is carried out by the copper alloy to which at least one sort of elements 1 or 7 % of the 
weight, and the remainder which are chosen from the element group whose standard enthalpy of 
formation (deltaH degree) by the reaction with a graphite and copper is -50 or less kJs per mol, 
respectively change from copper substantially. And it is the copper sinking-in graphite material 
characterized by making bulk density after sinking in into three or less 3.0 Mg/m. 
[0009] 

[Function of the Invention] In order that this invention persons might study the mechanism of sinking 
[ of the copper to the inside of graphite pore ] in, they formed the hypothesis by theoretical consideration 
first, and inquired by the scientific technique of subsequently verifying this hypothesis by experiment. 
That is, the integrity of sinking [ of the dissimilar material to a certain matter ] in checked the reactivity 
of copper and a graphite, and various elements, and compatibility first based on view of being deeply 
related to sinking-in material, the reactivity between sunk in material, and compatibility. The standard 
enthalpy of formation of the reaction between these elements was shown in drawing 1 . The source of 
the data in drawing is North-Holland Co. ** and Cohesion, in It is the numeric data indicated by Metals. 

[0010] Subsequently, out of each element in drawing, each standard enthalpy of formation of a reaction 
with a graphite and copper was low, namely, the candidate of an assistant who has the integrity of 
copper sinking in raised formed the hypothesis that it was a negative-number value and an absolute 
value was also a high element, and tried verification by experiment. 

[001 1] Consequently, it has checked having relation so that the enthalpy value of drawing 1 and the 
mechanism of sinking in may explain below. 

[0012] That is, although its reactivity with copper is low although the reactivity with a graphite is high, 
and Ti is advantageous in respect of the interface adhesive strength of generation and CuTi of Ti 
carbide, and a graphite for this reason, since generation of the carbide in the opposite side surface 
section becomes superior, sinking in to the in-house back of CuTi is checked, or un-arranging ~ 
separation with the sinking-in metal material after sinking in and graphite material becomes difficult ~ 
arises, for example. On the other hand, if each standard enthalpy of formation with a graphite and copper 
is low, osmosis to the in-house back of carbide generation, interface adhesive strength, and sinking-in 
material will be good, and, moreover, will become easy [ separation with the sinking-in metal material 
after sinking in and graphite material ]. And the threshold of the enthalpy of a reaction with the graphite 
and copper with which these operations are obtained is [ about ]. -It turns out that it is 50 kJ/a mol. The 
elements suitable for this condition are Sc, Y, Zr, La, and Hf. 

[0013] The bulk density used by this invention by carrying out selection use of the sinking-in assistant 
of such conditions is three or more 1 .76 Mg/m. And are very precise on an organization target [ as / 
whose rate of an open pore and average pore radius which were measured by method of mercury 
penetration are 5 or 18 volume % and 0.1, or 2.5 micrometers, respectively ]. Therefore, sinking in can 
sink in copper to a large quantity and the in-house back also to very difficult isotropic graphite material, 
copper sinking-in graphite material of a lightweight and precise organization called three or less 3 Mg/m 
in bulk density also considering rate of impregnation as more than 70 volume % is obtained, and, 
moreover, the handling nature after sinking in also becomes good. In addition, when the above 
operations are not fully obtained but exceeded 7 % of the weight, the amount of a sinking-in assistant 

http ://www4. i pdl jpo.go.j p/cgi -bin/tran_web_cgi_ejj e 9/23/02 



Page 3 of 5 



was specified as 1 - 7 % of the weight at less than 1 % of the weight, because separation with the 
sinking-in copper alloy after sinking in and copper sinking-in graphite material became difficult. 
[0014] 

[Detailed explanation of the composition of invention] After the isotropic graphite material used by this 
invention usually adds and kneads binders, such as a pitch, to the aggregates, such as corks **** 
pressing, such as between the colds, is performed and the need is accepted at baking and graphitization. 
Sink [ pitch ] in, It consists of the material which makes a principal component the material or ****** 
which passed through processes, such as re-baking, resin sinking in, and high-grade-izing, and which 
consists only of carbon substantially, and isotropic graphite material, such as the so-called graphitization 
article which includes sinking-in articles, such as a pitch sinking-in article and a resin sinking-in article, 
is included. Especially as these isotropic graphite material, it is desirable that a different direction ratio 
uses 1.2 or less isotropic high graphite material. Here, it means that the average of the ratio of the 
peculiar electric resistance planned in the direction [ in / graphite material / that a different direction 
ratio is 1.2 or less ] which makes a right angle arbitrarily is 1.2 or less. 

[0015] The average pore radius of the isotropic graphite material as used in the field of this invention 
can be determined as a radius value (micrometer) equivalent to one half of the accumulation pore 
capacity (m3/Mg) measured by method of mercury penetration, and the rate of an open pore can be 
calculated by x(bulk density) (total pore capacity) xlOO. Here, total pore capacity (m3/Mg) says 
accumulation pore capacity when a pressure reaches to the maximum pressure defined beforehand, for 
example, 98MPa(s). Moreover, it means that the numeric value shown that rate of impregnation is more 
than 70 volume % by I (%) of formula:I=100 G/PD is 70 or more. However, the weight [ actual 
measurement / of the volume of the open pore of isotropic graphite material / (m3) ] (Mg) of the copper 
alloy into which P sank into and the true density (Mg/m3) of copper alloy sinldng-in material and G 
actually sank in D is expressed. That is, I value shows the volume rate of the sinking-in copper alloy 
occupied to an open pore. 

[0016] For example, using a proof-pressure container, sinking in puts a copper alloy into ceramic 
containers (crucible), such as a product made from carbon, and puts isotropic graphite material into 
ceramic containers (SAGA), such as a product made from carbon, inserts these crucibles and SAGA in a 
proof-pressure container, subsequently to temperature higher than the melting point of a sinking-in 
copper alloy raises the inside of a container, and carries out pressurization sinking in. Number MPa or 
about 150 MPas, and sinking-in time of welding pressure are preferably good about 1 to 60 minutes at 
30 or about 60 minutes. 

[0017] In addition, it means that the unescapable impurity may be contained in the copper which 

constitutes the remainder, saying "the remainder consists of copper substantially" about composition of 

the copper alloy used in this invention. 

[0018] 

[Example] 

The nature [ of precise ] isotropic graphite material made from example 1 Oriental Carbon (bulk density 
1.82 Mg/m3, the rate of an open pore of 13.7%, average pore radius of 1.5 micrometers) was held in the 
proof-pressure container, it carried out pressurization sinking in of the copper which added 7% of the 
weight of Zr ftised at 1 150 degrees C by the pressure of 12MPa(s) by N2 gas for 1 hour, and copper 
sinking-in graphite material was obtained. 

[0019] The bulk density of rate of impregnation and the obtained copper alloy sinking-in material, the 
gas permeability of copper alloy sinking-in material, and the handling nature after sinking in were 
summarized in Table 1. 
[0020] 
[Table 1] 
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[0021] Copper sinking-in graphite material was obtained like the example 1 except not adding Zr in 
example of contrast 1 copper. 

[0022] Copper sinldng-in graphite material was obtained like the example 1 except having added 1% of 
the weight of Ti in example of comparison 1 copper. 

[0023] Moreover, the thermal conductivity in the room temperature of the isotropic graphite base 
material used in this invention article concerning an example 1, the example 1 of contrast, the example 1 
of comparison, and the example 1, 200 degrees C, 400 degrees C, and 800 degrees C was measured with 
the laser flash method. The result is shown in Table 2. 
[0024] 

Table 2] 
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[0025] It not only raises an adhesive property with graphite material, but by alloying Cu with Zr, it can 

obtain the graphite material of high thermal conductivity. 

[0026] 

[Effect of the Invention] According to this invention, it has a homogeneous macrostructure and is 
precise, and it is precise, being able to sink in copper uniformly and maintaining the feature as 
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lightweight high temperature materials, even if it uses the isotropic graphite which demonstrates the 
property which divided as high temperature materials and was excellent, and the copper sinking-in 
graphite material excellent also in handling nature is obtained. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Bulk density is three or more 1.76 Mg/m, and more than 70 volume % of the open pore of 
isotropic graphite material with the rate of an open pore and average pore radius precise on the 
organization target which is 5 or 18 volume % and 0.1, or 2.5 micrometers, respectively which were 
measured by method of mercury penetration Sinking-in processing is carried out by the copper alloy to 
which at least one sort of elements 1 or 7 % of the weight, and the remainder which are chosen from the 
element group whose standard enthalpy of formation by the reaction with a graphite and copper is -50 or 
less kJs per mol, respectively change from copper substantially. And copper sinking-in graphite material 
characterized by making bulk density after sinking in into three or less 3.0 Mg/m. 



[Translation done.] 
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